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1. Introduction
The dielectric behaviour of polymeric films is of direct interest to both, the basic studies of 
electrical conduction through such films and their application as capacitors in 
microelectronics. The evaluation of the dielectric properties of insulator film is carried out by 
measuring simultaneously the capacitance and the dissipation factor over a wide range ol 
frequencies and temperatures. Like all the other electrical parameters of dielectrics, the
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capacitance depends on the variable external factors such as the frequency of voltage applied 
to the dielectric, temperature, pressure etc.
Dielectric properties of methacrylate polymers are determined largely by the strong 
electric dipole in the ester side group. Due to this feature in the molecular structure of the 
polymer, the dielectric spectroscopy can be advantageously used to study the molecular 
motions in these polymers. The dielectric relaxation behaviour of pure and impurity doped 
PMMA has been studied by several researchers by mechanical and dielectric spectroscopic 
methods [1-4J. The work reported to elucidate its molecular structure with loss behaviour 
studies has shown that the dielectric relaxation docs not depend only on the structure but H 
also depends on the presence of impurities. The effect of impurity, like malachite green, on 
the permittivity and dielectric loss, which can give a belter understanding regarding the 
motion of the molecules and the migration of charge carriers involved in the relaxation 
mechanisms, has not been studied earlier. In this work we studied the dielectric permittivity 
and loss behaviour of PMMA undoped and after doping with malachite green, since (he 
introduction of a specific impurity might assist in understanding the relaxation processes mote 
clearly.
2 . E x p e r im e n ta l d e ta ils
PMMA is an amorphous and polar polymer having high impact strength. Malachite green [51 
is a cationic dye. Its structure is0= < ^> »^(> y2C i
N ( 0 ^
M a la c h i t e  g r e e n
The samples in the form of thin films (approximately 20 microns in thickness) of 
undoped and malachite green doped PMMA were deposited onto optically plane glass 
substrates by dissolving the desired amounts together in chemically pure chloroform. PMMA 
(2.1 gins) was dissolved in 30 cm^ of chloroform and malachite green (50, 70 and 100 mg, 
by weight ratio) is added and all were found to produce uniform solutions with PMMA. The 
doping concentration was changed by varying the amount of malachite green to be added in 
different volumes of the solvent, such that the total volume of solvent and malachite green 
remains to be constant. For other observations quantity of malachite green (= 100 mg) was 
kept constant in PMMA ; malachite green matrices. The samples were oulgassed in air at 40X 
for 24 hr followed by a room temperature outgassing at 10^  ^ torr for a further period of 24 hr. 
Film thickness was determined by measuring its capacitance at 10 kHz and using a dielectric 
constant e = 2.5 for PMMA [6,7]. Vacuum coated electrodes were used throughout the study.
Al-undoped/doped PMMA-Al/Cu/Ag, sandwiched samples with a common electrode having 
about 3.6 cm diameter were prepared. The preparation of elecirodcs/measurement of 
thickness was the same as reported earlier [8,9).
The assembly was held in a thermostat and the temperature was measured with a pre­
calibrated copper-constantan thermocouple. The capacitances and the losses were measured 
with a Systronics LCR bridge type 921 using a Philips AF generator model GM 2308/90. 
The measurements were made in the frequency range 100 Hz to 5 kHz and in the temperature 
range 60 to 180°C for pure and malachite green doped films, in steps of lOX.
3, Results and discussion
Figures la and 1b represent the permittivity (i.e. dielectric constant) and loss tangent as a 
function of temperature at a fixed frequency (200 Hz) for undoped PMMA with Al-Al 
electrtxle combination. The permittivity of PMMA increases rapidly after 100°C. Loss tangent
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F i g u r e  1 . ( a )  P e r m i r t i v i l y  ( d i e l e c l n c  c u n s i a n O  a n d  ( b )  l o s s  t a n g e n t  versus l e i n p e r a l u r c  f u r p u r c  
P M M A  f i lm s
has two maxima at temperatures 100°C and 150‘^ C (designated as the j9- and a-peaks, 
respectively).
Figures 2a and 2b represent the variation of permittivity and losses with temperature 
for different concentrations of malachite green (50 70 and 100 mg by weight). The j3-peak 
position is shifted towards the higher temperature side with increa.se in concentration. The 
position of or-peak remains almost constant. The permittivity and losses of the doped films at 
all the temperatures are larger than that of the pure film. Thus it may be inferred that the 
incorporation of malachite green enhances the permittivity and losses of the polymer film 
particularly above its glass transition temperature.
Figure 3 shows the variation of loss tangents with temperature at different frequencies. 
The magnitude of both the loss-peaks was found to decrease as the frequency increases.
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F i g u r e  2 .  ( a )  P e r m i l h v i l y  ( d i c l e c t n i :  c u n s ( a n t )  a n d  ( b )  l o s s  t a n g e n t  versus t c m p c r a t u i e  lo i  
P M M A  : m a l a c h i t e  g r e e n  m a t r ic e s .  C u i 'v e s  I ,  2  a n d  3  c o r r e s p o n d  to  5 0 ,  7 0  a n d  1(X) m g  m a l a c h i t e  
g r e e n  r e s p e c t i v e ly
F i g u r e  3 .  V a r i a t i o n  o f  l o s s  t a n g e n t  w i th  t e m p e r a t u r e  a t  d i f f e r e n t  f r e q u e n c i e s  f o r  
P M M A  ■ m a la c h i t e  g r e e n  f i lm s
Figures 4a and 4b show the variation of permittivity and loss tangent of doped films 
with similar (Al-Al) and dissimilar (Al-Ag/Cu) electrode systems. It is observed that the 
magnitudes of permittivity and loss-peaks are higher in the case of the dissimilar electrode 
system than in the case of Al-Al electrode system. In Al-Ag/Cu electrode system loss peak 
with higher magnitude has been found at 150®C. The /J-pcak does not appear.
The dielectric dispersion appearing at high temperatures is generally admitted to be due 
to the rotatory diffusional motion of the molecules from one quasi-stable position to another 
around the skeletal bond involving large scale conformational rearrangement of the main chain
and is generally known as a-rclaxation. The low temperature dielectric dispersion is attributed 
to the dielectric response of the side groups which are considered to be more mobile or the
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Figure 4. ( a )  P e t m i tT i v i ty  ( d i e l e c t r i c  c o n s t a n t )  a n d  ( b )  l o s s  t a n g e n t  versux t e m p e r a t u r e  with 
d i f f e r e n t  e l e c t r o d e  s y s t e m  f o r  P M M A  m a l a c h i t e  g r e e n  1(K) m g  f i lm s
small displacement of the dipoles near the fm/cn-in position and is generally known as p- 
rclaxation.
The transition for PMMA corresponding to the j3-relaxation is related to the micro- 
Brownian motion of the main chain segments due to their molecular flexibility and the 05- 
rclaxalion has its origin in the hindered rtHalion of the ester side group [10;i 1] about the C-C 
bond which links it to the main chain.
The increase in permittivity above the room temperature may be due to increase in 
molecular mobility and also may be partly due to the expansion of the lattice [12] and partly 
due to the excitation of charge carriers which arc likely to be present inside the specimen at the 
imperfection sites. At lower temperature, molecules arc immobile and therefore, the number 
of dipoles which facilitate to orient with the field will be less. Increase in temperature 
increases the molecular mobility and therefore, more number of dipoles orient themselves in 
the field direction. The amorphous-crystalline interphases m PMMA behave as trapping centre 
for carriers. The amorphous regions arc the areas in which the chains are irregular and 
entangled, whereas in crystalline regions the chains are regularly folded or orderly arranged. 
Since the arrangement of molecules in the amorphous state is not regular, the van dcr Waals' 
forces between the molecules vary from place to place. It is therefore, easy to conform or 
move the molecular chains in the amorphous state. The molecular packing in the amorphous 
regions is loose and so the density is smaller than that of crystalline regions. Thus, the chains 
in the amorphous phase are more flexible and are capable of orienting themselves, relatively
68A(6)-6
55() P K  Khare, M  S G aur and Ranjeet Singh
more easily and rapidly. In crystalline regions, the forces which hold the structural units 
together, are of a homopolar chemical binding nature and are much stronger than the van der 
Waals' forces. Therefore, the movement of a segment of chains in the higher density 
crystalline regions is hindered by other neighbouring structural units. The molecular chains 
with different mobilities for the amorphous-crystalline regions try to adjust themselves in 
such a way as to add to the polarization of the system [131. This molecular alignment of 
chains may cause the observed increa.se in the permittivity.
The increase in permittivity and losses (Figures 2a and 2b) due to malachite green 
impregnation in PMMA matrix may be due to formation of charge transfer complexes 
(CTCs). Malachite green has one amino-group containing an unshared pair of electrons [ 14| 
which may be responsible for CTC formation. Malachite green has tripheny I methane structure 
15) and it is a cationic dye. As the dye is cationic, the coloured ion is charged positively. As 
suggested in the literature [51, tlie dyes having triphenyimethanc structure can easily form ihe 
charge-transfer complex with the substrate. The cationic nature of dye suggest that it' is 
electron-donor dye, while PMMA is likely to accept electron. Hence it is very likely that 
malachite green may form donor-acceptor complex with PMMA when mixed it under suitable 
conditions. The findings of the earlier workers and those of the present experiment reveal that 
the presence of donor impurity atoms has a ihrcc-fold effect 1151. Firstly, they may provide 
conductive pathways for the charge carriers through the non-crystalline regions. Secondly, 
they may prevent the trapping of charge earners on the particular sites in the molecular chains; 
and lastly, they may exchange the mobility of charge carriers. The creation of a space-charge 
cloud in the CTC matrix is also probable. The increment in pennittivity and loss*values is due 
to either increase m carrier concentration or their mobility or both. The CTC reduces the 
trapping of charge carriers and make more carriers available, thereby enhancing the charge 
carrier drift in polymer. This agrees with the earlier findings [7,16,171.
The polarization in a dielectric material may be contributed by orientational, electronic, 
atomic and interfacial polarization. The variation in permittivity and loss tangent, suggests the 
net effect of some internal field within the polymer alongwith the external ac field. The dipole- 
dipole interactions between the different groups or many body interactions suggest the lower 
losses with higher frequency range. The dependence of the permittivity on frequency can be 
determined from the eq. [18]
Sr
C = C +
1 -H T^(0^
(1)
where is the geometrical capacitance, S the conductance corresponding to the absorption 
current, Tthe dipole relaxation time and cuthe angular frequency. Above equation show that C 
should diminish with increasing frequency.
The increase in losses (Figure 3) at low frequency could be associated with the 
polarization of the trapped charge carriers. In an amorphous polymer such as PMMA, 
trapping of charge carriers is quite possible. With the increase in frequency, polarization 
decreases and becomes vani-shingly small at high frequencies. The decrease in losses with
frequency also seems to show the decrease in the number of charges and delay in settling of 
dipoles due to availability of very short time in one half cycle of alternating voltage. The 
general expression for dielectric loss is given by the cq. [ 18]
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where is the conductance for the residual current. Obviously from eq. (2)
lim(O
0)
-> 0 tan <5 = oo
litn oo tan 5 = 0
Differentiating eq. (2) with respect to co and equaling the derivative to zero, it is 
possible to obtain the value of a/ of the frequency corresponding to maximum loss.
Figures 4a and 4h exhibit,the variation of permittivity and losses versus temperature 
for electrode metals, aluminium, copper, silver having work function 3.38, 4.46 and 
4.31 eV, respectively. It is clear from the figures that Ihc permittivity and losses (at different 
temperatures) differs when the upper electrode aluminium is replaced by copper or silver. The 
rnagniludc of permiltivily and losses were found to be higher in dissimilar electrode (Al-Cu 
and Al-Ag) than similar electrode (Al-Al) combinations. This shows the effect of the 
materials of electrodes on permittivity and losses of the sample sandwiched between them. 
Values of capacitance and losses seem to be controlled by the effective work function of 
metal-insulator-melal interlaces i e . the difference in energy between the Fermi level in metal 
and the bottom of ihc conduction band in the insulator. Therefore, dielectric parameters are 
changed when the electrode forming material is ch^.iged. The difference between the vork 
function of metal (1) and metal (2) will control the magnitude of loss and permittivity but for 
Al-Al electrode system, the characteristics of the polymer may prevail as the net contribution 
of charges injected from the electrodes would then be zero 119|. The various thermogr.ams 
represent the distributed relaxations in terms of loss peaks. The reason for distributed 
relaxations may be due to the combined effect of space charge injected from electrodes and 
dipolar relaxations in the polymer. The appearance of the peaks at distributed position is 
perhaps due to uniform polarization. It also seems possible that the dipolar peak either gets 
masked by the space charge peak or its contribution to the total polarization is very small [20]. 
In these results, it is also suggestive that the internal field of polymer may get modified by the 
difference in the work function of various electrode metals.
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